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Abstract: China’s regular energy statistics does not include the building sector, and data on building
energy demand is included in other types of energy consumption in the Energy Balance Sheet (EBS).
Therefore data on building energy demand is not collected based on statistics, but rather calculated or
estimated by various approaches in China. This study aims at developing and testing China’s building
energy statistics by applying an adapted EBS. The advantage of the adapted EBS is that statistical
data is from the regular statistical system and no additional statistical efforts are needed. The research
result shows that the adapted EBS can be included in China regular energy statistical system and
can be standardized in a transparent way. Testing of the adapted EBS shows that China’s building
energy demand has shown an annual increase of 7.6% since 2001, and a lower contribution to the total
energy demand as compared to the developed world. There is also a close link to lifestyle and living
standard while industrial energy demand is mainly driven by economy and decoupling of building
energy demand with increasing of building floor area, this is due to a considerable improvement
of building energy efficiency. The adapted EBS creates a method for China conducting statistics of
building energy consumption at the sector level in a uniform way and serves as the basis for any
sound building energy efficiency policy decisions.
Keywords: building energy statistics; building energy consumption; energy balance sheet; building
energy efficiency; China
1. Introduction
China’s energy consumption has increased dramatically since 1980. Around 2011 China became
the largest energy-consuming country, replacing the USA. In 2015, China had a 28% share of the
global end-energy demand while USA had a 22% share [1]. Building, transportation and industry
are the three key energy demand sectors worldwide. The building sector is responsible for more
than 25% of China’s total primary energy consumption and this figure will increase to 35% by 2030.
The GHG emissions contributed by the building sector are about 25% of China’s total emissions [2].
Internationally, buildings consume about 30–45% of the global energy demand [3]. Although China’s
current building energy consumption share is significantly lower than the international level, the fast
urbanization, the fast development of the building sector, rising of living standards and increasing
consumption will increase the energy demand in the building sector. China is now facing the challenges
of both a fast growing building energy demand and low building energy efficiency. It is estimated
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that more than 30%–50% of the existing building energy consumption could be saved [4] by adopting
various energy efficiency solutions.
Statistics on building energy consumption at the sector level are essential to assess the building
energy situation and are indeed used as the basis for any sound building energy efficiency policy
decisions. Authorities, building developers, building owners and the public need information about
where the building energy demand is and the impact of policy enforcements. The building sector needs
information about progress achieved or reasons that prevent progress. The key to meet the information
needs mentioned above is to provide complete, timely and reliable data on building energy demand.
In China’s national energy statistical system, the final consumption is composed of seven sectors:
(1) farming, forestry, animal husbandry, fishery & water conservancy, (2) industrial, (3) construction,
(4) transport, storage, postal and telecommunications services, (5) wholesale, retail and catering
services, (6) others, and (7) residential consumption. The energy consumption of buildings is mainly
included in the consumption sector and also included in other sectors. There are various studies on
statistics and monitoring of energy consumption at a single building level, however, there is no specific
sectoral building energy statistical system in China and data on building energy consumption at the
sector level is calculated or estimated by various approaches [5]. There are many office buildings in
industrial sectors, and those buildings’ energy consumption is included in the energy demand statistics
of the industrial sectors. There are similar cases in other sectors of transportation and construction as
well. The lack of reliable and accurate data on building energy consumption at a sector level has been
a major barrier for policy making at the national and sectoral levels. The establishment of a national
statistical system of building energy consumption in China will create a method for determining the
statistics of building energy consumption at the sector level in a uniform way and serve as the basis for
any sound building energy efficiency policy decisions.
There are many studies aiming at getting data of building energy demand at the sectoral level.
The Building Energy Research Centre of Tsinghua University (THUBERC) has developed the China
Building Energy Model, CBEM), based on building energy intensity and building floor area, to estimate
China’s total building energy consumption [6]. By applying this model, THUBERC publishes an annual
report on China’s building energy efficiency, which has been one of the key national sources for
different stakeholders to get energy consumption data for the building sector. Wang calculated the total
building energy demand based on international EBS, surveys and expert workshops and concluded
that China’s building energy demand was 370 million tons-coal-equivalent (tce) in 2006 [7], which
accounts for 21.7% of the total energy demand in China. Long [8] developed a model, based on an
analysis of China’s energy consumption by sectors and by comparing its industrial structures with
USA and Japan, to estimate building energy consumption. According to this model, China’s total
energy consumption in the building sector was 330 million tce in 2003, which accounts for 20% of the
total energy demand of China. The Ministry of Housing and Urban & Rural development of China
estimated the existing building energy consumption based on building stocks, climate zone characters
and relevant energy efficiency standards, and concluded that China building energy consumption
accounts for 27.5% of China total energy demand. From the literature reviews, there are basically four
methods to get information on building energy demand at a sector level:
• Sampling surveys [8]. Surveys are widely applied to get detailed information on building energy
demand. However, it is costly and impossible for surveys to cover all buildings. Therefore
sampling surveys are applied. The scale of the survey depends on the resources and complete
data of building energy demand at the sector level is calculated, based on the survey results and
estimated total floor areas of all types of buildings.
• Statistics for defined-scale and defined-type buildings [9–12]. This method builds on building
energy consumption statistics that are applied for defined-scale buildings (e.g., with a floor area
of more than 10.000 m2) and defined-type buildings (public buildings), and statistics gathered by
local statistics departments. Total building energy consumption can therefore be estimated by
using the statistical data.
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• Modelling [6,13–15]. Modelling is widely used by academic institutes for estimating energy
consumption at the sector level. Models are developed based on building types and building
stocks, building age, characters of climate zones, and total floor areas of each type of buildings in
each of China’s climate zones.
• EBS together with expert approach [16–18]. In the EBS of IEA and other developed countries, energy
consumption data is collected for the three main sectors of industrial, transportation and buildings,
and thus data of building energy consumption is available from the EBS database. However,
building energy consumption data in China’s EBS is divided into the different sectors of industries,
transportation, consumptions and others. Thus getting building energy consumption data from
China’s EBS needs additional work that may be done by professional energy analysts and therefore
the EBS together with expert approach is applied to gather building energy consumption data.
The methods mentioned above have the disadvantages of needing the additional data collection
efforts or surveys in addition to regular energy statistics, due to limited samples, using assumptions
in modelling, and making estimations by historical experiences. None of the methods mentioned
above are standardized and thus it is difficult for China to build up its regional comparisons and
benchmarking of building energy performance and compare it to international data.
There have been several studies on China building energy consumption statistics using adapted
EBS and those studies are all on a local level [18]. The main disadvantage of these local studies is that
the data from EBS is directly used and lacks necessary corrections. This study, built on those local-level
studies, focuses on national level and has made necessary amendments to the EBS data. The justified
amendments to the data ensure that the study results are closer to the real energy consumption of
buildings in China.
EBS is the key resource for all sectors to get energy information. However, building energy
consumption is not listed separately in China’s EBS and it is divided among the energy consumptions
of different sectors. Therefore the first step of this research is to identify and analyze the data sources
and statistical definitions of energy consumption of all sectors included in China’s EBS. China’s EBS has
defined the following seven sectors of final energy consumption. This research builds on the following
analysis of the final energy consumption of the seven sectors included in China’s EBS:
(S1) Farming, forestry, animal husbandry, fishery & water conservancy. This sector is the primary
industry and energy consumption of this sector included in EBS covers all production and production
related services energy consumption. Thus final energy consumption of this sector does not include
building energy consumption. Energy consumption of transportation of this sector is included in EBS.
(S2) Industry. Industries in China’s EBS include mining and quarrying, machinery, and power,
heating, fuel gas and water production and services. The industrial energy consumption in China’s
EBS is comparable to but different from the International Energy Agency (IEA) data. There are mainly
three differences between China’s and IEA’s industrial energy consumption: (1) China’s industrial
energy consumption includes energy consumption of energy industry itself. In IEA energy statistics,
energy consumption of energy production is not included in industrial energy consumption but rather
listed in the energy loss of energy processing. (2) China’s industrial energy consumption includes
the transportation energy consumption of this sector. (3) Industrial building energy consumption is
included in industrial energy consumption in China’s EBS.
(S3) Construction. The energy consumption of construction in China’s EBS is mainly the energy
consumption of construction process. In IEA’s statistics, construction energy consumption is included
in industrial energy consumption. China’s EBS has separately listed construction energy consumption.
Similar to the industrial energy consumption of China, construction energy consumption in China’s EBS
also includes building energy consumption of construction sector, e.g., office buildings in this sector.
(S4) Transport, storage, postal and telecommunications services. This sector’s energy consumption
is mainly from transportation enterprises, and it does not include the transportation energy consumption
of other sectors as well as citizens’ transportation energy consumption. Energy consumption of this
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sector covers building energy consumption of this sector, e.g., the building energy consumptions of
airports, railway stations, bus stations and post office buildings.
(S5) Wholesale, retail trade and catering services. These sectors are mainly tertiary industry
and main energy consumption of these sectors are building energy consumption. These sectors’
energy consumption is comparable to the IEA’s statistics of energy consumption of commercial and
public services.
(S6) Others. Energy consumption of “others” in China’s EBS is defined as the energy consumption
of the tertiary industrial energy consumption excluding the abovementioned sectors (S4) and (S5).
“Others” includes software and information technology services, financing, real estate industry,
education, science, culture and public health and public administrations. Energy consumption of these
sectors are mainly from building performance.
(S7) Residential consumption. Energy demand in residential consumption includes the living
energy consumption of citizens and is mainly from building performance. It also includes the
transportation energy consumption of citizens.
Another issue is how to amend the data of energy consumption of central heating systems from
EBS. The existing data of energy consumption of central heating systems from EBS is significantly low
and it is necessary to correct this data. As an example [19], the energy consumption of central heating
in the sectors of (S5) Wholesale, retail trade and catering services, (S6) Others and (S7) Residential
consumption was 31.11 million tce in 2011 and the floor area of the central heating is 5.18 billion m2.
Thus the energy efficiency of central heating is 6 kg coal-equivalent per M2, which is incorrect given to
the fact that energy efficiency of the most efficient central heating by a large-scale cogeneration project
is 9 kg coal-equivalent per m2, and the national average energy efficiency of central heating by regular
boilers is 20 kg coal-equivalent per mM2 [19]. There are three reasons that data of energy consumption
of central heating system from EBS is significantly low:
(1) Heat metering is not well installed in China, in particular there is almost no heat metering in
the buildings built before 2010.
(2) China’s EBS statistics targets enterprises that are on the scale of 20 million Chinese Yuan
turnover or energy consumption of above 10,000 tce. There are many SMEs’ heat-generators or
heat-suppliers (small and medium enterprises) that do not meet this scale and are therefore excluded
from the EBS statistics. Therefore heating generated by those SMEs are not included in the EBS.
(3) Heating energy consumption of cogeneration systems is excluded from the central heating
energy consumption, but included in energy consumption of power generation (energy industry
energy consumption).
For correcting the data of energy consumption of central heating system from EBS, we use the data
of central heating from national and local statistics yearbook. In China, statistics yearbooks include
detailed data on central heating and this data covers all heat-generators or heat suppliers regardless of
their scale.
Since EBS is recognized as a reliable, timely and complete data source of both energy supply
and demand, our focus is to develop and test a method of adapted EBS for providing reliable data of
China’s energy consumption at sector level. Specifically this paper makes the following contributions
to develop China’s energy consumption statistics by the adapted EBS:
• Developing and testing a method that is adapted from China’s existing EBS. This method is
applied to calculate China building energy consumption at the sector level.
• Comparing the calculated results of this research with other sources and evaluating what the
differences are between this research and other similar researches.
• Comparing the energy consumption of China’s commercial (so-called public buildings in China),
urban residential and rural residential buildings by the calculated results of this research for the
period of 2001–2015.
• Analyzing building energy demand against economic growth to gain insights on differences of
energy demand in industrial and building sectors.
Energies 2019, 12, 4293 5 of 15
• Comparing China’s building energy demand with international practices, in particular with the
USA, European Union and Japan.
• Recommending how China could build up its building energy consumption statistical system by
applying the adapted EBS.
2. Methods
2.1. Procedures and Methods of This Research
The following Figure 1 presents the procedures and methods applied in this research.
Energies 2019, 12, x FOR PEER REVIEW 5 of 15 
 
 Comparing China’s building energy demand with international practices, in particular with the 
USA, European Union and Japan. 
 Reco mending how China could build up its building energy consumption statistical system 
by applying the adapted EBS. 
2. Methods 
2.1. Procedures and Methods of This Research 
The following Figure 1 presents the procedures and methods applied in this research. 
 
Figure 1. Procedures and methods of this research. 
2.2.  Data Collection and Analysis 
Based on the analysis of the existing EBS of China, we develop the following Formula (1) for 
statistics of complete building energy consumption in China: 
Ec = Eb − Et + Eh + Eo (1) 
where Ec: complete building energy consumption, Eb: total energy consumption in the sectors of (S5) 
wholesale, retail trade and catering services, (S6) others and (S7) residential consumption, which are 
available from the existing EBS, Et: Transportation energy consumption of (S5) wholesale, retail trade 
and catering services, (S6) others and (S7) residential consumption, Eh: Energy consumption of 
corrected central heating and Eo: Building energy consumption from the sectors of (S2) industry, (S3) 
construction and (S4) transport, storage, postal and telecommunications services. 
To gather data on Et, we conducted a survey aiming at getting information on the consumption 
of different types of energy among the sectors of (S5) wholesale, retail trade and catering services, 
(S6) others and (S7) residential consumption, which are available from the existing EBS. The survey 
conducted by this study took place between October–December 2018 and it included three phases: 1) 
collecting data of different types of energy consumption of the sectors of S5, S6 and S7 from national 
EBS and local EBS of the four megacities of Beijing, Shanghai, Tianjin and Chongqing and seven 
Figure 1. Procedures an t is research.
2.2. Data Collection and Analysis
Based on the analysis of the existing EBS of China, we develop the following Formula (1) for
statistics of complete building energy consumption in China:
Ec = Eb − Et + Eh + Eo (1)
where Ec: complete building energy consumption, Eb: total energy consumption in the sectors of
(S5) wholesale, retail trade and catering services, (S6) others and (S7) residential consumption, which
are avail ble from the existing EBS, Et: Transportation energy consumption of (S5) wholesale, retail
trade and cat ring s rvices, (S6) others and (S7) residential consu ption, Eh: Energy consumption
of rrected central hea ing and Eo: Building energy consu ption from the sectors of (S2) industry,
(S3) construc ion and (S4) ransport, storage, postal and telecommunications services.
To gather data on Et, we conducted a survey aiming at getting informatio on the consumption
of different types of energy among the sectors of (S5) wholesale, retail trade and catering services,
(S6) others and (S7) residential consumption, which are available from the existing EBS. The survey
conducted by this study took place between October–December 2018 and it included three phases:
1) collecting data of different types of energy consumption of the sectors of S5, S6 and S7 from national
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EBS and local EBS of the four megacities of Beijing, Shanghai, Tianjin and Chongqing and seven
provinces of Liaoning, Hebei, Shandong, Guangdong, Henan, Sichuan, Ningxia and Gansu. These four
megacities and seven provinces are recommended by the China Association of Building Energy
Efficiency, given to the facts that: (1) these 11 cities and provinces have quite good energy consumption
databases and good EBS, (2) they are good representatives of China’s climate zones and (3) they were
willing to cooperate with this research and to answer the questionnaire; 2) sending 11 questionnaires
to the energy administrations (local Development and Reform Commission) of the four megacities and
abovementioned provinces. All 11 questionnaires were answered and have been sent back for this
study. The questionnaires aimed at getting information on allocation of energy consumption among
different types of energy in the sectors S5, S6 and S7; 3) analyzing the data and providing survey
results. The survey results shows that 95% of gasoline and 35% of diesel are used by transportation
of the sectors of (S5) wholesale, retail trade and catering services and (S6) others. Almost 100% of
gasoline and 95% of diesel consumption are made by transportation in the sector of (S7) residential
consumption. This survey results are in line with the study conducted by Wang [7]. Therefore, in this
research, we calculated the Et by using Equation (2):
Et = (95% gasoline consumption + 35% diesel consumption) of Sector (S5) wholesale, retail trade
and catering services and (S6) others + (100% gasoline consumption + 95% diesel consumption)
of Sector (S7) residential consumption
(2)
In Equation (2), data on gasoline and diesel consumption in all sectors is available from the
existing EBS in China. Eh is calculated by the following Equation (3):
Eh = total energy consumption of central heating − energy consumption of central heating
in sector (S5) wholesale, retail trade and catering services, (S6) others and
(S7) residential consumption
(3)
The total energy consumption of central heating in Equation (3) is available in the China Statistical
Yearbook. Energy consumption of central heating of the sectors (S5) wholesale, retail trade and catering
services, (S6) others and (S7) residential consumption is available from EBS.
Eo is calculated by the following Equation (4):
Eo = Ebt + Ebi (4)
Ebt is the energy consumption of buildings in the Sector (S4) transport, storage, postal and
telecommunications services. An assumption of this research is that coal consumption is only for
building energy performance, given to the fact that coal is not used as power fuel in transportation
in China. Therefore, Ebt is the sum of coal consumption and electricity consumption of buildings in
Sector (S4) transport, storage, postal and telecommunications.
Ebi is the energy consumption of buildings of the sectors (S2) industry and (S3) construction.
Those are mainly office buildings and buildings used for production. Energy consumption of those
buildings has a limited contribution to the total energy consumption of buildings. In this research,
we organized an expert workshop aiming to estimate Ebi. Sixteen experts participated in this workshop.
Twelve experts were energy managers from energy-related sectors. Two experts were from Sectors
(S4) transport, storage, postal and telecommunications services and the remaining two experts were
from universities. Participants were selected based on criteria like: 1) at least seven years of working
experience in statistics or estimation of building energy consumption; 2) good knowledge of building
energy efficiency; 3) members of the Expert Committee of China Association of Building Energy
Efficiency. The workshop, based on the fact that total floor area of buildings of the sectors of (S2)
industry and (S3) construction is about same as the floor area of buildings of Sector (S4) transport,
storage, postal and telecommunications services, concluded that Ebi is comparable to Ebt.
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3. Results
3.1. China Building Energy Consumption 2001–2015
Figure 2 shows that China’s total building energy consumption increased from 310 million tce in
2001 to 860 million tce in 2015, with an average annual increase of 7.6%, which is in line with China’s
total energy consumption that increased from 1560 million tce to 4300 million tce with an average
annual increase of 7.5%. Table 1 shows that the increase of both energy demand and building energy
demand is different in the three five-year periods of 2001–2005, 2006–2010 and 2011–2015. During the
2001–2005 period (known as the China National 10th Five-Year Plan), building energy consumption
was increasing by 11.9%, while the total energy consumption was increasing by 13.9%. However, the
increase of building energy consumption slowed down to 5.3% in the National 11th Five-Year Plan of
2006–2010 and to 5.5% in the National 12th Five Year Plan of 2011–2015. The main reason is that China’s
national and local governments launched various building energy efficiency initiatives in 2005–2006,
and their key initiatives were energy retrofits for existing buildings, promoting green building &
low energy building development and compulsorily energy efficiency improvement programme for
large-scale public buildings.
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China EBS 2001–2015; (Source: 2) Data on total building energy consumption, primary).
Table 1. China Energy Consumption growth rate in the three five-year periods.
Indicator 2001–2005 2006–2010 2011–2015
Average annual growth of Chin t tal energy consumption 13.9% 5.9% 2.7%
Average annual growth of China total building energy consumption 11.9% 5.3% 5.5%
Increased building energy consumption is mainly due to the increase of building floor areas
and improvement of living standard. However, as shown in Figure 3, the annual growth of building
energy consumption has stabilized, while the annual increasing of building floor area has stabilized at
about 4%. This decoupling of building energy consumption with increasing building floor area is due
to the improvement of building energy efficiency.
Although EBS is recognized as the most reliable energy information source and the original
data of this research is from EBS, it is still necessary to compare the result of this research to other
sources. Table 2 presents a comparison between this research and building energy consumption data
from China Building Energy Model (CBEM). CBEM was developed and being updated by Tsinghua
University Building Energy Research Centre (THUBERC). CBEM is based on a sampling of the energy
consumption of different types of buildings in different climatic zones. Thus necessary sampling
surveys are needed to support CBEM calculation, while the EBS approach of this research is based
Energies 2019, 12, 4293 8 of 15
on official statistics and no additional data collection or survey efforts are needed. Since there is a
systematic data verification, data quality control and application of standardized data collection,
data from official statistics is highly accepted and well applied by policy makers as well as various
stakeholders, while the CBEM approach is widely used by academic institutes and researchers. Table 2
shows a 15-years comparison of the building energy consumption data results from this research
and CBEM.
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Figure 3. Changing annual growth of building energy consumption 2001–2015. Data source: data on
building floor area [19].
Table 2. Data comparison between this research and CBEM, in 100 million tce.
Year This Research CBEM [6] Difference
2001 3.09 3.7 19.7%
2002 3.43 4.1 19.5%
2003 3.96 4.5 13.6%
2004 4.41 5.20 17.9%
2005 4.84 5.50 13.6%
2006 5.20 5.63 8.3%
2007 5.56 5.76 3.6%
2008 5.82 5.93 1.9%
2009 6.06 6.22 2.6%
2010 6.39 6.65 4.1%
2011 6.92 6.95 0.4%
2012 7.40 7.22 -2.4%
2013 7.91 7.81 -1.3%
2014 8.14 8.22 1.0%
2015 8.57 8.64 0.8%
Source: CBEM data [6].
Table 3 presents a comparison of energy consumption of three building types calculated by this
research and the CBEM.
Table 3. Data comparison of energy consumption of three building types, in 100 million tce.
Building Types ThisStudy CBEM Difference
Public building 2.83 2.60 –8.8%
Urban residential building 1.85 1.99 7.0%
Rural residential building 1.97 2.13 7.5%
Northern China heating 1.93 1.91 –1%
Source: CBEM data [6].
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CBEM has been the most popular tool in China for estimating building energy consumption at
the sector level, and this model is revised regularly. Table 2 shows that energy consumption data
generated by CBEM in years of 2001 and 2002 is about 20% higher than the data calculated by this
research. The difference is getting smaller in 2003–2005, then the difference has been less than 10%
since 2006. The reason of the difference that appeared at the earlier stage is the poor-functioning of
CBEM and the fact the model needs to be revised to meet the practical conditions. It is interesting
that the CBEM results and the results of this research are aligned perfectly after 2007, which could
be evidence that CBEM is now working properly and the data calculated by this research is reliable.
Table 3 also shows that energy consumptions per category calculated by this study and CBEM are well
aligned. We therefore suggest that both methods can be used at the same time for cross-checking and
the method developed by this research can be standardized, since it is based on EBS that is dependent
on the regular energy statistical system.
3.2. Energy Consumption of Building Types in China
Types of buildings are categorized into public buildings, urban residential buildings and rural
residential buildings in China. Floor areas of public buildings and urban residential buildings are
available from the statistics yearbooks. However, there are no statistics on the floor area of rural
residential buildings. In this study, the expert workshop organized by this study suggested that the floor
area of rural residential buildings could be estimated by the average floor area per farmer and the total
population of farmers. Average floor area per farmer is available from both national and local housing
authorities and the population of farmers is available from statistics yearbooks. The public buildings
(so called commercial buildings internationally) are a mix of various buildings like offices, schools and
universities, hotels, theaters, warehouses, airports, train stations, retail stores, etc.. Figure 4 provides
information on the building energy consumption by the three building types in China, which shows
that energy consumptions of all three types are increasing steadily. The main causes of the increasing
energy consumption are the increase of building floor areas and improvement of office conditions
and living standard. Energy consumption of public buildings represents a 37%–41% share of the
total building energy consumption, the energy consumption of urban residential buildings represents
a 36%–39% share and the energy consumption of rural residential buildings has a 23%–25% shares.
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As shown in Figure 5, the energy intensity of public buildings is above 30 Kgce/m2
(Kg coal-equivalent), which is the highest among the three building types. The energy intensity
of urban residential buildin s is al ost double that of rural residential buildings. Among the three
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building types, the energy intensity of rural residential buildings is increasing slightly, due to the
significant improvement of living standards in rural areas. Figure 5 shows that energy intensity of
public buildings is the highest. It was increasing in the period of 2001–2005 and then stabilized in the
period from 2006–2010. It was decreasing in the period of 2011–2015, given to the successful energy
efficiency solutions adopted in this period. The energy intensity of urban residential buildings is almost
stabilized and is not increasing in response to the significant improvement of office conditions and
living standards. This is also due to the achievements of energy efficiency efforts made by the building
sectors. Figure 5 shows that energy intensity of rural residential buildings is increasing significantly,
due to the significant improvement of living standards in rural areas.
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3.3. China Building Energy Consumption Against Economic Growth
As shown in Figure 6, the share of building energy demand in the total energy demand varies
from 17% to 21%. The share of building energy consumption is generally decoupl d from GDP growth.
A lower share of building en rgy consumption appears when there is higher GDP growth in the period
of 2001–2015. During the period of 2002–2007, the GDP growth rate i creas d annually and reaches its
p ak of 18.8% in 2007, while the share of building energy consumption decreased from 20.26% in 2002
to 17.86% in 2007. During the period of 2007 to 2014, the GDP growth rate was fl ctuati g, while the
share of building energy consumption is reversely fluctuating. After 2010, the GDP growth is slo ing
down, while t e share of building energy consumption is increasing.
Contrary to the varying share of building energy consumption against GDP growth, the share of
industrial energy consumption is coupled with GDP growth, as sh wn in Figure 7. During t e period
of 2001 to 2007, the GDP growth rate increased, w ile the share of industrial e ergy consumption also
increased and reached its peak of 69% in 2007. After 2007, DGP growt is lowing down, and the share
of industrial energy con umption is d creasing.
Figures 6 and 7 provide evid nce that building en rgy consumption and industrial energy
consumption have different features. Building energy consumption is consumption- elat d and
it i driven by lifestyl s and living stan ards. However, industrial energy consumption is more
production-related and it is driven by market and conomic activiti s. Therefore, industrial energy
cons mption is mai ly a consequence of economic development and building e ergy demand is
mainly a consequence of the growing living standards. This can explain why higher GDP growth
results in an increasing shar of industrial energy emand and d cre sing share of building energy
demand in Figures 6 and 7.
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3.4. China Building Energy Consumption: an International Comparison
After four decades of high economic growth since 1978 when China started its Reforming
and Opening Policy, China has been the largest country in terms of total energy consumption and
greenhouse gases emissions. China has a share of 28% of the global energy requirements, followed by
USA with a share of 22% and by European Union with a share of 15% [1]. However, USA is the largest
country in building energy consumption, with a share of 17% of global building energy consumption,
while China has a share of 14%. Table 4 p vide information that building energy c nsumption
int rnationally accou ts for as much as 30–40% of the global energy requirem nts. However, China is
exc pti nal and its bu lding energy con umption accounts for only 20.5% of total energy consumption,
given the fact that China is still in its high-speed indus rializing process and its industrial sectors
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are more energy-intensive and have a major contribution to total energy consumption, as shown
in Figure 2.
Table 4. An international comparison of building energy consumption, Mtoe (million tons-oil-equivalent).
Indicator China USA EU India Russia Japan Global
Total energy consumption 1913.0 1519.0 1042.5 577.6 456.9 291.3 6929
Building energy consumption 393.0 469.0 364.8 213.2 150.7 95.1 2807
Share of building energy consumption 20.5% 30.9% 35.0% 36.9% 33.0% 32.6% 40.5%
Data source: [1].
4. Discussion
The establishment of building energy consumption statistics by adapted EBS creates a method
for China to establish statistics of building energy consumption in a uniform way. An advantage of
the adapted EBS is that statistical data comes from the regular statistical system and no additional
statistical efforts are needed. However, the adapted EBS method has its limitations. First, all data related
to building energy demand is extracted from existing EBS and thus various assumptions are made.
Those assumptions are only related to the items (e.g., office building energy consumption in the sectors
of transport, storage, postal and telecommunications services, industries and construction) of building
energy consumption that have less than 5% contributions to the total energy consumption of buildings.
This may cause errors in the final calculation of building energy demand, although we can be sure
that those errors are not more than the errors generated by methods of sampling surveys, incomplete
statistics, modelling and estimations. Further research is needed for identifying the error percentage
and for assuming that the error can be negligible. Second, bio-energy has been widely used in Chinese
rural residential buildings and this bio-energy consumption is not included in this adapted EBS system.
This means that energy consumption of rural residential buildings calculated by this research is lower
or significantly lower than the actual energy consumption of rural buildings. Third, our research finds
that data on China building floor areas from various sources are quite different, since not all buildings
are registered in building departments. The China Association of Building Energy Efficiency estimates
that about 15%-25% of the existing buildings are not registered [19]. Thus building energy intensity
calculated by this research is about 20% higher than the actual value. Therefore we suggest that building
energy statistics and a complete building registration system should be established together. Lastly,
there are more and more clean energy used at a single building scale in China [20,21] at this moment.
In the existing China EBS, large-scale renewable energy production (e.g., hydropower) is already
included. Clean energy production at a single building level (e.g., solar) is not included in the national
EBS and thus clean energy uses at a single building scale is not included in this study. Thus further
studies are needed for incorporating clean energy uses into the building energy consumption data.
By doing so, the adapted EBS methods can be used to calculate CO2 emissions. Further research is also
needed to test and ascertain whether this adapted EPS approach can truly help China in establishing
building energy consumption statistics at both national and local levels.
5. Conclusions
China’s energy statistical system is different from the IEA system. Building energy demand is
not a statistical sector in China’s EBS and thus data on building energy demand is not available
directly from China’s EBS [22]. To gather data on China’s building energy demand at the sector level,
various methods have been developed, tested and applied [6,19]. All the methods are based on
limited sampling, incomplete statistics, modelling and estimations and thus those methods are not
standardized and it is difficult to conduct regional comparisons and benchmarking in the building
energy sector. This study explores a possibility where data on energy demand of the building sector
can be made available from an adapted China EBS. Since EBS is the most reliable energy data source,
our method can be standardized and thus will enable regional and international comparisons and
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benchmarking. Our study contributes to build up China building energy statistics and our key findings
include six perspectives:
1. The building energy statistics by adapted EBS covers all types of buildings (commercial
and residential buildings and multi-functions buildings that are used by sectors of industry,
transportation and others), and it provides reliable, detailed and complete data on energy demand
in China’s building sector. Based on EBS data, this method can be included in regular energy
statistical system and can be standardized in a transparent way. Thus data generated by this
method will ensure the international, national and regional comparisons and benchmarking of
building energy demand.
2. Data comparison between this research and the existing most adopted China Building Energy
Model (CBEM) shows no significant differences. We therefore suggest that both methods can be
used for cross-checking to build up China statistics of building energy consumption.
3. Both total energy consumption and building energy consumption have increased by about 7.6%
in China since 2001. However the growth rate of total energy consumption is slowing down and
annual growth of building energy consumption has been stabilized, although total building floor
area is increasing by about 4%. Decoupling of building energy consumption with increasing of
building floor area is due to the improvement of building energy efficiency.
4. The energy consumption of public buildings accounts for a 37%–41% share of the total building
energy consumption, residential buildings represent 36%–39% and rural residential buildings
have a 23%–25% share in China. The energy intensity of commercial buildings is the highest
compared to urban and rural residential buildings and the energy intensity of urban residential
buildings is almost double that of rural residential buildings in China. This is completely different
from the situation in Europe, where the energy efficiency of rural households is always higher
than in urban households [23]. This research concludes that there are tremendous differences
in the building energy efficiency of rural buildings between China and Europe, since building
energy efficiency solutions are less developed in rural China [24–27].
5. Building energy consumption and industrial energy consumption features are different. Building
energy consumption is driven by lifestyle and living standards. However, industrial energy
consumption is mainly driven by market and economic activities. Therefore, a higher GDP growth
results in an increased share of industrial energy consumption and a decreased share of building
energy consumption.
6. China’s building energy consumption has less of a contribution to the total energy demand,
as compared to that of the developed world. This shows that China industrialization is still
playing a more important role in the energy demand, while consumption and transportation
sectors have more of a contribution to the total energy demand in the developed world.
The main conclusion from this study is that the existing EBS of China can be adapted to
provide a more reliable and complete building energy demand information at the sector level.
Thus, the underlying target is not to build up a new building energy statistics that is costly and
separated from the existing regular energy statistics, but instead a better option is to apply the adapted
EBS developed by this research. In addition, we suggest that the adapted EBS can be used with the
support of the existing CBEM to ensure accurate data cross-checking.
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